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(57) Abstract 

An apparatus comprises a first pulsed laser producing a beam of laser radiation having a wavelength between 345 and 600 
nm for the treatment of epidermal pigmented lesions and a second pulsed laser producing a beam of laser radiation having a 
wavelength between 600 and 1 100 nm for the treatment of dermal pigmented lesions. A delivery system is coupled to the appara- 
tus and manipulated to deliver radiation to illuminate an area of a subject's skin. The delivery system of the present invention 
comprises a pair of flexible liquid core light guides having sufficient diameter to efficiently transmit high peak power intensity 
pulses of wavelengths between 345 and 1 100 nm. For treatment of epidermal pigmented lesions, a first liquid core light guide de- 
livers laser radiation of between 345 and 600 nm and preferably about 500 nm wavelength. The fluence is between 1 and 10 J/cm 2 
at the skin and preferably between 2 and 4 J/cm 2 . The pulse duration is less than 1 usee and preferably less than 500 nsec. A 2 
to 5 mm diameter spot is illuminated. For treatment of dermal pigmented lesions such as tattoos, a second liquid core light guide 
delivers laser radiation of between 600 and 1100 nm, fluence is between 1 and 10 J/cm 2 at the skin, pulse duration is less than 
500. Once again, a 2 to 5 mm diameter spot is illuminated. 
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A PPARATUS FOR T REATING ABNORMAL 
PIGMENTATION O F THE SKIN 

Backg round of the Invention 

Abnormal pigmentation of the skin is commonly seen 

5 in dermatologic practice. A subject's skin may have 
pigmentation abnormalities due to vascular lesions, 
naturally occuring pigmented lesions, or tattoos. 
Vascular lesions such as port wine stain birthmarks, 
telangiectasia and hemangiomas are caused by the 

10 abundance of enlarged blood vessels. Pigmented lesions 
are non-vascular disfigurements of the skin caused by an 
abnormally high concentration of melanin in localized 
areas of the skin. Such pigmented lesions include 
freckles, age or liver spots, cafe' au lait birthmarks, 

15 lentigines, nevi f melanomes , nevus of Ota and lentigo 
maligna. Tattoos may be divided into two categories, 
including self-inflicted or traumatic tattoos. Traumatic 
tattoos are created during accidents which cause a scrape 
or abrasion such that a foreign material becomes imbedded 

20 in the skin. 

A myriad of therapeutic modalities including liquid 
nitrogen, electrocautery and depigmenting chemicals have 
been used to remove superficial pigmented lesions. 
Although widely used, none have succeeded in destroying 

25 the abnormal pigmented cells alone without damaging 

adjacent structures and producing adverse effects like 
hypopigmentation . 

Over the last two decades, there have been several 
reports describing the removal of superficial pigmented 

30 lesions by a variety of lasers such as the excimer (351 
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nm). argon (488,514 nm) , ruby (694 nm) , Nd: YAG (1060 nm) . 
and C0 2 (10,600 nm) lasers. However, there has generally 
been damage to both pigmented and nonpigmented cells. 
Pigmented lesions treated by laser have included 
5 lentigines, nevi, melanomas, oral hypermelanosis of 

Peutz-Jeghers syndrome, the nevus of Ota, and a lentigo 
maligna. The pigment depth of these laser- treated 
lesions has also varied significantly, from superficial 
lentigines in the epidermis to lesions lying deep in the 
10 reticular dermis like the nevus of Ota. 

Previous studies reporting "successful" removal of 
pigmented lesions have relied on clinical assessment 
rather than on histology and have used widely divergent 
wavelengths, pulse durations, energy densities and 
spotsizes. There has been no effort to define laser 
parameters necessary for optimal removal of pigmented 
lesions. 

Melanin, an endogenous cutaneous pigment which is 
most concentrated in the basal layer of the epidermis, 
has an absorption spectrum that is highest in the 
ultraviolet range and gradually diminishes toward the 
infrared. Melanosomes are melanocyte-specif ic organelles 
densely packed with melanin. They vary in size according 
to their genetic origin; black skin typically containing 
larger melanosomes than lightly pigmented, white skin. 
Based on melanosome size, the calculated thermal 
relaxation time for these organelles is around 10 nsec. 
On the other hand, melanocytes are approximately 7 M » 
diameter, with thermal relaxation times around 1 usee. 
Thermal relaxation time in both instances is defined as 
the time taken for a structure to cool to 50% of its peak 
temperature 'immediately after laser exposure. 



20 



25 



30 



WO 91/13652 



PCT/US91/01714 



-3- 



Recent studies have applied the technique of 
selective photo thermolysis to specifically destroy 
melanosomes using the XeF pulsed excimer in vitro and the 
Q-switched ruby lasers i n vivo . Histologically, both 

5 these studies demonstrated melanosomal injury that was 
associated with disruption of melanocytes as well as 
melanin-containing basal keratinocy tes . In addition, 
there was also evidence of follicular damage after 
exposure of pigmented guinea pig skin to the Q-switched 

10 ruby laser. 

Selective photo thermolys is has also been employed in 
other studies to treat tattoos. It was demonstrated that 
a Q-switched ruby laser is not effective for all types of 
tattoos, because tattoos are often multicolored. These 

15 studies have shown that blue-black tattoos responded well 
to Q-switched ruby laser treatment, while green .and 
yellow tattoos responded less than well and red tattoos 
responded poorly or not at all. Additionally, persistent 
hypopigmentation was a frequent occurrence. 

20 D is closure o f the In v ention 

In accordance with the present invention, an 
apparatus produces a plurality of pulsed beams of laser 
radiation for the treatment of epidermal and dermal 
pigmentation abnormalities of the skin. By having the 

25 capability to provide plural laser beams of different 

wavelengths (colors), the range of applications for which 
the apparatus is effective increases significantly. An 
apparatus capable of providing one of two beams of 
different wavelengths is believed to be sufficiently 

30 effective for the majority of cases in therapeutic 

dermatology and plastic surgery involving treatment of 
non-vascular pigmentation abnormalities. 
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The apparatus comprises a first pulsed laser 
producing a first beam principally for the treatment of 
epidermal pigmentation abnormalities and a second pulsed 
laser producing a second beam principally for the 
treatment of dermal pigmentation abnormalities. In one 
embodiment, the first laser is pulsed dye laser supported 
by a dye circulation system and the second laser is an 
alexandrite laser. The two lasers are coupled to a 
common power supply and storage system. The lasers are 
excited by a flashlamp means which may comprise a single 
coaxial flashlamp for exciting both lasers or a pair of 
coaxial flashlamps for separately exciting each laser. 
In another embodiment, the first laser is used to excite 
the second laser in a laser excited configuration. In 
this embodiment, the first laser is preferrably a 
flashlamp excited pulsed dye laser and the second laser 
Is preferrably an alexandrite laser. 

In accordance with one feature of the present 
invention, specific laser parameters are established to 
obtain effective treatment of epidermal and dermal 
pigmentation abnormalities while minimizing damage to 
normal pigmented cells. To that end. effective treatment 
of epidermal lesions with minimal damage has been 
obtained with a first laser having a wavelength of about 
500 nm. a pulse duration of about 500 nsec, and fluence 
(energy density) of about 3 J/cm 2 at the skin. The 
spotsize may range from about 2 to 5 mm diameter, but 
preferrably it is about 3 mm diameter. To minimize 
damage, wavelength of the first beam should be less than 
600 nm. Due to known problems of mutagenesis, the 
wavelength should not be less than 345 nm. The fluence 
of the first beam may range from 1 to 10 J/cm at the 
skin through the full range of wavelengths, but is 
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preferably within the range of 2 to 4 J/cm for 504 nm 
light. Pulse durations approaching 1 psec may be used 
but at 1 /isec recurrence is expected. Shorter pulse 
durations should minimize damage to normal tissue. 

5 To avoid pigmentary incontinence of the epidermal 

pigment resulting from laser irradiation and to get 
better access to dermal pigment to effectively treat 
dermal pigmentation abnormalities, a window is created in 
the epidermis using the above defined laser parameters 

10 and the deeper cells are treated with the second laser 
having parameters specific to those cells. More 
specifically, it is expected that effective treatment 
with minimal damage may be obtained with the second laser 
having a wavelength of about 750 nm, a pulse duration of 

15 about 100 nsec and an energy of about 1 J/cm 2 at the 
skin. The fluence at the skin for the second beam may 
range from 1 to 10 J/cm through a range of wavelengths 
between 600 and 1100 nm, but it is preferrably within the 

o 

range of 1 to 4 J/cm for 760 nm light. The spotsize may 
20 range from about 2 to 5 mm diameter, but preferrably it 
is about 3 mm diameter. The longer wavelengths are 
required to penetrate to depths associated with the 
location of dermal pigmentation abnormalities. 

' In a typical dermatology procedure, treatment is 
25 adminstered with a delivery system which is manipulated 
to deliver radiation to illuminate an area of a subject's 
skin. For effective treatment, the dual laser system 
requires pulse durations on the order of tens to hundreds 
of nanoseconds for potentially high intensity pulses. 
30 Thus, the delivery system must be capable of transmitting 
high peak intensity pulses with low losses and must be 
flexible for convenience of use. 
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To that end, one embodiment of the preferred 
delivery system of the present invention ™*«» * *« X 
of flexible liquid core light guides having sufficient 
diameter to efficiently transmit high peak pove r 
5 intensity pulses of wavelengths between 3.5 and HOC nm 
from the dual laser system. More specifically, a first 
liquid core light guide delivers the first beam of laser 
radiation of wavelength between 345 and 600 nm. fluence 
of 1 to 10 J/cm 2 at the skin and pulse duration of less 
10 than 1 Msec to the handpiece for treatment of epidermal 
Pigmented lesions. The first liquid core light guide has 
a liquid core comprising an aqueous inorganic salt 
solution within a flexible cladding which facilitates the 
transmission of laser radiation of wavelengths between 
15 345 and 600 nm. The core dimeter may be between 3 and 
10 mm and preferrably about 3 mm such that the first 
guide is capable of transmitting high peak 
pulses. However, the liquid within the first guide does 
not effectively transmit radiation of wavelengths between 
20 600 and 1100 nm due to the presence of chemical bonds 
involving hydrogen which significantly attenuate the 
radiation. 

The second liquid core light guide delivers the 
second beam of laser radiation of wavelength between 600 
25 and 1100 nm. fluence of 1 to 10 J/cm 2 at the skin and 

pulse duration of less than 500 nsec to the handpiece for 
treatment of dermal pigmentation abnormalities such as 
tattoos. The second guide has a liquid core comprising a 
iiquid and housed within a flexible cladding. The liquid 
30 has a molecular structure characterized by the absence of 
chemical bonds which would cause absorption between 
wavelengths 600 and 1100 nm. As a minimum, the liquid is 
non-hydrogenous and comprises halogenated compounds. 
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Preferrably, the liquid comprises halocarbons such as 
tetrachloroethylene or carbon tetrachloride, or a 
solution of inorganic salts in deuterium oxide. The 
index of refraction for the liquid is greater than the 

5 index of refraction for the cladding. The 'liquid core of 
the second light guide has a diameter between 3 and 10 mm 
and preferrably about 5 mm such that the second guide is 
capable of transmitting high peak intensity pulses. 

Another embodiment of the preferred delivery system 

10 of the present invention comprises a flexible liquid core 
light guide for efficiently transmitting high peak power 
intensity pulses of wavelengths between 345 and 1100 nm 
from the dual laser system. More specifically, the 
second light guide comprises a liquid capable of 

15 delivering laser radiation from the first laser for 

treatment of epidermal pigmentation abnormalities and 
from the second laser for treatment of dermal 
pigmentation abnormalities. In this embodiment, the 
light guide is coupled to both lasers and delivers 

20 radiation from the particular laser being employed for 
treatment. 

Other advantages and features of the invention will 
become apparent from the following description of the 
preferred embodiments, and from the claims. 

25 Brief Description of the Drawings 

Fig. 1 illustrates a dual laser system with separate 
delivery systems. 

Fig. 2 is an enlarged perspective view of the 

handpiece of Fig. 1. 
30 Fig. 3 is a block diagram of a preferred embodiment 

dual laser system. 
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Fig. 4 is a block diagram of another preferred 
embodiment dual laser system. 

Fig. 5 is a block diamgram of yet another preferred 
embodiment dual laser system. 
5 Fig. 6 is a cross-sectional view of a liquid core 

light guide of Fig. 1. 

Description of Preferred Embodiments 

Pigmentation abnormalities may be removed from the 
skin by lasers provided that the lasers have the proper 

10 characteristics based on the principles of selective 

photothermolysis . These principles require the proper 
selection of wavelength (or color) of the laser to 
maximize absorption within the targeted lesion and 
minimize absorption by the surrounding normal tissue , 

15 organs or organelles. Selective photothermolysis also 
requires the precise selection of pulse duration of the 
laser beam which is determined by the thermal relaxation 
time of the target. Pulse duration should be shorter 
than the thermal relaxation so that only the targeted 

20 material is heated and the surrounding tissue is 
unaffected. 

Pigmented lesions have broad band absorption 
characteristics with high absorption at shorter 
wavelengths (blue-violet) and decreasing monotonically to 

25 higher wavelengths (red). Additionally, it has been 

shown that shorter wavelength (blue-green) lasers treat 
superficial pigmented lesions better than longer 
wavelength (red) laser?. On the other hand, longer 
wavelength (red) lasers are more effective for treating 

30 dermal pigmentation abnormalities including deeper 

pigmented lesions and tattoos. However, it has been 
demonstrated that the long wavelength ruby red laser is 
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not effective for tattoos. Blue and black tattoos 
respond well to ruby laser treatment, while green and 
yellow tattoos respond less well and red tattoos respond 
poorly. These results are predicable based on the 
absorption characteristics of the tattoo pigments. It 
is therefore desirable to tailor the wavelength (color) 
of the laser radiation to the absorption characteristic 
of the targeted material within the skin. 

In accordance with the present invention, a laser 
system 12 provides two pulsed beams of laser radiation 
having distinct wavelengths which may be employed for the 
treatment of epidermal and dermal pigmented lesions of 
the skin (see Fig. 1)- Although a laser system producing 
more than two different wavelength beams is within the 
scope of this invention, discussion is limited to a laser 
system providing two different wavelength pulsed beams. 
Also, the specific parameters of each laser beam 
including wavelength, intensity and pulse duration are 
discussed in detail below. 

A delivery system 13 is coupled to the laser system 
12 and delivers the two laser beams to a pigmented region 
of the skin. In a preferred embodiment, the first laser 
beam is delivered through a first light guide 14 to a 
handpiece 16 and second laser beam is delivered through a 
second light guide 15 to a handpiece 17. In another 
preferred embodiment, the delivery system may comprise 
only the second light guide 15 and the handpiece 17 (Fig. 
5). In this embodiment, both laser beams are coupled to 
the guide 15 which delivers either beam to the skin for 
treatment of pigmentation abnormalities. Alternatively, 
one or both laser beams may be delivered through an 
articulated arm (not shown). The features of the first 
and second light guides are discussed in detail below. A 
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preferred handpiece, illustrated in Fig. 2. is model 
lumber 7040-00-6231 sold by Candela Laser Corporation 
Two lenses in the handpiece image the distal end of the 
guide to a larger spot adjacent to the end of a 

, i d *v selection of the lenses, 
positioning extension 18. By selection 

v „^i»A The spotsize may be between 
the spotsize can be varied. Tl»e spot 

2 end 5 ma diameter and is preferrably about 3 mm 

diameter. By movement of the handpiece and irradiation 

of adjacent spots, a test site of shout 0.5-1.0 cm x 

0 5-1.0 cm may be irradiated at a selected dose. 
In a preferred embodiment of the laser system, as 

shown in Fig- 3. the laser system 12 comprises a pair of 
User systems 20 and 22. The laser systems comprise a 
pair of flashlamp excited pulsed lasers 21 and 23 having 

1 common power supply/storage system 24. The lasers «e 
excited by a flashlamp means which may comprise a single 
coaxial flashlamp (not shown) or a pair of coaxial 
flashlamps 26 and 27 for separately exciting the first 
and second laser 21 and 23 respectively. Freferrably. 
the first laaer 21 is a pulsed dye laser having a dye 
circulation/system 28 and the second laser 23 is an 
alexandrite laser. Alternatively, both lasers may be 
pulsed dye lasers with separate circulation system^ 
Furthermore, one or both of the laser systems 20 and 22 

25 m ay comprise any non-dye pulsed laser system such as a 

solid state laser. 

Ih another preferred embodiment, shown in Fig. A, a 

first laser system 20 is arranged to excite a second 

iaser system 22 in a laser-excited configuration. 

30 Freferrably. the first laser 20 is a flashlamp excited 

pulsed dye laser supported by a dye circulation system 2* 

and the second laser 32 is an alexandrite laser. In yet 

another preferred embodiment, shown in Fig. 5, the pair 
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of laser systems 20 and 22 are coupled by an optical 
coupler 38 to the delivery system 13 comprising a single 
light guide 17. In any of the preferred embodiments, the 
laser systems 20 and 22 may comprise any combination of 

5 the following lasers to provide a short wavelength beam 
and a long wavelength beam of laser radiation. 
Accordingly, the first laser may be a dye laser, or a 
frequency doubled Neodymium, Nd : YAG , Nd:Glass, Nd: YLF, 
Ti: Sapphire, frequency doubled Alexandrite or excimer 

10 laser. The second laser may be a dye laser or a solid 

state laser including a ruby, Ti: Sapphire, SM 3 :YLF or any 
chromium laser in assorted host materials KZnF^ , ScB0 3 , 
LaLuGG, GSGG , YSGG, YGG , BeAL^ (SO^g. 

Specific laser parameters have been established for 

15 the dual laser system to obtain effective treatment of 
epidermal and dermal pigmented lesions while minimizing 
damage to normal pigmented cells and are hereinafter 
discussed. 

A wide range of experimental treatments have been 
20 performed on the normally pigmented skin of miniature 
black pigs and those have been followed by extensive 
clinical studies, A first set of experiments was 
performed to identify shorter wavelengths in the green 
portion of the spectrum for the minimization of epidermal 
25 damage, particularly pigmentary incontinence, as well as 
regeneration of normal pigment cells. A second set of 
experiments using the optimum laser wavelength of 504 nm 
has identified shorter pulse durations as preferred for 
minimizing epidermal damage. Finally, clinical studies 
30 of human patients have demonstrated that laser light of 
the shorter wavelengths and shorter pulse durations is 
most effective in treating the epidermal pigmented 
lesions with treatment fluences at the skin of about 3 
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t/ 2 Limited human pigmented lesion studies have 
J/cm . Limiteo n , „_ «„ treating epidermal 

demonstrated lack of effectiveness in treating 

pigmented lesions at 694 nm and 750 nm 

in the experiments related to epidermal 
(sup e filial) Pig-ted lesions, a Model 3,1500 
flashlamp-pumped tunable dye laser system * 

r a.l. Laser Corporation has been used. The light was 
Cande la Laser uwj-f ... pr ca ble to 

- 1 4i rr;; rr. 

. handpiece to iU«»l».« • «P« ° £ 1 " 
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I. te". P»l» eereelee of 500 «.... Bner gy densities 
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;i . t d kin It . sp.tslre of 3 - die.ete. Xn. ..1. 
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each energy density from each of the t 
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J/c „* for 590 end 694 n. end 4.0 3/c. 2 for 720 end 750 n. 
, lit d 1. snb-epidermel cleft, accpanied by epxdernal 
lacteal, sub-epider.al clefts or epidermal necrosis 

.are observed after exposure of a*i= to 504 n» 

..v m.h.st energy density of 
irradiation, not even at the highest energy 
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7.0 J/cm 2 . In addition to epidermal injury, dermal 
damage consisting of collagen bundle separation 
accompanied by changes in the tinctorial quality of the 
bundles were observed in biopsies taken from the skin 
5 exposed to 7.0 J/cm 2 at the four wavelengths other than 
504 tin. The extent of dermal injury appeared dependent 
on the wavelength; the most severe occurring at 750 nm. 
From biopsies, pigmentary incontinence (pigment dropping 
to the dermal layer) was evident. Its severity increased 
10 with increased energy density and wavelength. 

Although pigment was destroyed using all 
wavelengths, repigmentation occurred more rapidly for the 
504 nm irradiation. For the 504 nm irradiation, 
repigmentation was complete by the thirty-third day after 
15 exposure. Repigmentation followed sequentially by order 
of wavelength, with the 750 nm irradiated skin taking up 
to six weeks for its pigment to return to normal. 

In the second set of experiments, miniature black 
pig skin was again irradiated. Using a 504 nm laser and 
20 3 mm diameter spotsize, the effect of pulse durations of 
100, 150, 250 and 500 nsec at fluences from 1.5 to 4.0 
J/cm 2 , at 0.5 J/cm 2 increments, were examined. Biopsies 
were taken immediately and at 7 , 14 and 28 days after 
irradiation and were processed for light microscopy. 
25 The most severe damage was observed in skin exposed to 

pulse durations of 250 and 500 nsec. Epidermal necrosis, 
dermal-epidermal separation and pigmentary incontinence 
were not only more severe, but also occurred at 
significantly lower fluences than was evident in skin 
30 exposed to 100 and 150 nsec pulse durations. Although 

the normal cells repigment, the unsightly damage remains. 

In the final clinical studies with human patients, 
superficial benign cutaneous pigmented lesions had been 
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treated by using the pulse irradiation. Fifty-two 
patients have been treated variously for the following: 
lentigines. solar keratoses/ • lentignes ' . cafe' au lait, 
seborrheic keratoses, hyperpigmentation associated with 
morphoea, nevus spilus. 

Generally, the superficial lesions have been exposed 
to 504 nm. laser irradiation. Pulse durations of 250 
nsec, 500 nsec and 1 M sec have been used with fluence 
ranging from 1.5 to 3.5 J /cm 2 for each pulse duration. A 
3 mm diameter spotsize was used with the 500 nsec and 1 
M sec pulse durations. Because of limits in energy 
available from the particular laser used, a 2 mm diameter 
spotsize was used with 250 nsec pulse durations. A 1 mm 
diameter spotsize was used in limited tests of 6 to 8 
J/cm 2 , but excessive dermal damage was noted. This is 
consistent with findings presented in Tan et ml. , 
-Spotsize effects on guinea pig skin following pulsed 
irradiation," The Journal of Investi gative^ejrmatologY., 
Vol. 90, Ho. 6, June 1988. At all pulse durations, ^ 
incomplete lightening was found at 2 J/cm and 2.5 /cm . 
The 3.0 J/cm 2 was found to be the most effective dose. 
The 3.5 J/cm 2 was only used in a limited number of tests 
where insufficient response was obtained at 3 . 0 J/cm and 
was effective. With the 1 /»sec pulse duration, the 
lesions cleared but recurred. At 500 nsec, nonrecurring 
clearance was obtained. At 250 nsec, clearance was also 
obtained, and we are awaiting final results. Clinical 
observations indicate minimal dermal damage without 
noticeable pigmentary incontinence. 

With limited tests at 504 nm and 4 J/cm , some 
permanent loss of normal pigment and undesirable surface 
changes were noted. However, with appropriate selection 
of other parameters, higher fluences may be feasible. 
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Limited tests of a 694 inn Q-switched ruby laser 

2 

having a pulse duration of 20 nsec and fluenee of 5 J/cm 
proved ineffective in removing the superficial lesions. 
Similarly, a Q-switched alexandrite laser of 760 tin, 100 

5 nsec and 3 J/cm 2 was ineffective in treating the 
superficial lesion with a 2mm spotsize. 

Limited tests at 577 nm, 360 nsec resulted in 
clearance of the lesion but with recurrence. However, 
lesions are expected to be effectively treated with that 

10 wavelength at shorter pulse durations. To minimize 
adverse effects, particularly due to pigmentary 
incontinence, wavelengths of about 600 nm or less are 
judged best from the first set of experiments. 

Although 504 nm is the shortest wavelength tested, 

15 it is the most effective, and it is expected that shorter 
wavelengths within the melanin absorption spectrum will 
provide desirable results. Due to concerns for 
mutagenesis, wavelengths of less than 345 nm should not 
be used. It is postulated that the shorter wavelengths 

20 are most effective with least damage because they are 

absorbed by blood in the dermis and thus create thermal 

effects which minimize pigmentary incontinence. 

It is expected that the acceptable fluenee range at 

the skin is a function of wavelengths. At 504 nm, some 

2 

25 effect on melanin is noted at 2 J/cm , and damage is seen 
above 4 J/cm 2 . The depth of penetration in Caucasian 
skin, which is inversely related to absorption, for 350 
nm, 500 nm, 600 nm and 700 nm is about 60 p, 230 \x , 550 fi 
and 750 /i , respectively. Thus, expected ranges of effect 

30 without damage, based on the 2 to 4 J/cm 2 range at 504 
nm, is about 0.5 to 1.0 J/cm 2 for 345 nm, and 5 to 10 
J/cm 2 for 600 nm. In general, it is expected that 
fluences of 1 to 10 J/cm 2 at the skin will be used for 
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wavelengths of 345 urn to 600 nm. thus, the first laser 
configured to provide a beam having these parameters may 
be employed to effectively treat epidermal pigmentation 

abnormalities . 

On the other hand, treatment of pigmentation 
abnormalities in the dermis are also of interest, and 
longer wavelengths have been shown to be more effective 
due to greater depths of penetration. Tattoo treatment 
with a Q-switched ruby laser was studied by clinical 
assessment as presented in Taylor et al . , -Treatment of 
Tattoos by Q- Switched Ruby Laser," Arch^_Dermat olo gy , Vol 
126, July 1990. The tattoos were exposed to 694 nm laser 
irradiation. Pulse durations of 40 to 80 nsec with 
fluence ranging from 1 . 5 to 8 J/cm for each pulse 
duration. All tattoos contained blue-black pigment and a 
few also had small areas of red. yellow, or green. It 
was demonstrated that the blue-black tattoos responded 
well to ruby laser treatment. However, the green and 
yellow areas responded less than well and the red areas 
20 responded poorly or not at all. 

A problem encountered with laser treatment using 
longer wavelength beams is that of pigmentary 
incontinence where pigment from the epidermis is driven 
to the lower dermis. One means of treating the deeper 
lesions with longer wavelengths without pigmentary 
incontinence is to remove the pigment in the epidermis 
using the shorter wavelengths and subsequently treat the 
lower regions with longer wavelengths before normal 
epidermal pigment returns. Thus, the shorter wavelengths 
remove the pigment from the epidermis to create a window 
through which the light can pass into the dermis. 
Without pigment in the epidermis, illumination using the 



25 



30 
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longer wavelengths cannot cause the pigmentary 
incontinence . 

Effective treatment with minimal damage should be 
achieved with the second laser having a wavelength of 
5 about 750 nm, a pulse duration of about 100 nsec and a 

fluence of about 1 J/cm 2 at the skin. The second beam 

2 

may provide a fluence ranging from 1 to 10 J/cm at the 
skin through a range of wavelengths between 600 and 1100 
nm. The longer wavelengths are optimal to achieve the 

10 depths of penetration associated with deeper pigmentation 
abnormalities including pigmented lesions and tattoos. 

Based on the aforementioned tests, the present 
invention comprises a pair of lasers each providing a 
pulsed beam of laser radiation having specific parameters 

15 for obtaining effective treatment of epidermal and dermal 
pigmentation abnormalities while minimizing damage to 
normal pigmented cells. Effective treatment of epidermal 
pigmentation abnormalities may be achieved by employing a 
first beam having a wavelength between 345 and 600 nm, a 

20 pulse duration of less than 1 Msec, and a fluence between 

1 and 10 J/cm 2 at the skin. Additionally, effective 

treatment of dermal pigmentation abnormalities may be 

achieved by employing a second beam having a wavelength 

between 600 and 1100 nm, a pulse duration of less than 

2 

25 500 nsec and a fluence between 1 and 10 J/cm at the 

skin. In a typical dermatology procedure, such treatment 
is administered by delivering laser radiation from the 
lasers to the skin with a delivery system. 

Because the present- invention requires pulse 

30 durations on the order of tens of nanoseconds to hundreds 
of nanoseconds and potentially high power densities, the 
delivery system must be capable of transmitting high peak 
intensity pulses with minimal losses and must be flexible 



WO 91/13652 



PCT/US91/01714 



-18- 



for convenience of use. An articulated arm multiple 
mirror system has been used for high peak power 
applications in a dermatology procedure and may be 
employed. However, an articulated arm is bulky, 

5 cumbersome and difficult to align. Multifiber bundle 
cables are not appropriate because of high transmission 
losses related to the core/clad ratio. A flexible solid 
core single optical fiber is generally one of the most 
convenient delivery means for delivering a beam of laser 

10 radiation to illuminate a pigmented region of skin. A 

solid core fiber smaller than about 1 mm in diameter 

would be required because a larger fiber is too rigid. 

However, the maximum power density a 1 mm solid fiber can 

2 

transmit is about 5 MW/mm . Since peak laser beam 

15 intensities in the present invention may be up to ten 

times the maximum power density of the fiber (i.e. up to 
about 46 MW/nim 2 ), the fiber will be damaged or destroyed. 
A large diameter fiber would be required to handle the 
peak intensities, but such a fiber would be inflexible. 

20 Thus, solid core single optical fibers are not suitable 
delivery systems for the dual laser system. 

The present invention employs a delivery system 
capable of transmitting high peak intensity pulses of 
wavelength between 345 and 1100 nm with minimal loss and 

25 which is flexible for convenience of use. In one 

preferred embodiment, shown in Fig. 1, the delivery 
system 13 comprises a pair of liquid core light guides 14 
and 15 for delivery of laser radiation in dermatology 
procedures. The light guides are flexible and have a 

30 sufficient core diameter to transmit high peak intensity 
pulses of laser radiation with low losses. More 
specifically, the first liquid core light guide 14 
delivers the first beam of laser radiation of wavelength 



WO 91/13652 



PCT/US91/01714 



-19- 



betveen 345 and 600 ni, fluence of 1 to 10 J/cm at the 

skin and pulse duration of less than 1 /xsec to the 

handpiece 16 for treatment of epidermal pigmentation 

abnormalities. The second liquid core light guide 15 

5 delivers the second beam of laser radiation of wavelength 

2 

between 600 and 1100 nm, fluence of 1 to 10 J/cm at the 
skin and pulse duration of less than 500 nsec to the 
handpiece 17 for treatment of dermal pigmentation 
abnormalities such as deeper pigmented lesions and 
10 tattoos. 

A cross-sectional view of a liquid core light guide 
40 is presented in Fig. 6. In one embodiment, the guide 
has a liquid core 42 comprising a liquid 43 which allows 
the transmission of light having a wavelength between 345 
15 and 600 nm through the guide. The liquid core is housed 
in a flexible, thermostable, plastic cladding 44. The 
cladding has a lower refractive index than the liquid, 
producing total internal reflection at the core/clad 
interface such that light may be transmitted around Trends 
20 in the light guide. Thus, the flexible guide transmits 

light independent of its configuration. The guide has an 
core diameter in the range of 3 to 10 mm and preferrably 
about 3 mm such that the guide is capable of transmitting 
high peak power density pulses of laser radiation. These 

25 laser pulses enter and exit the guide 40 at a pair of 
silica rod windows 45 which also seal liquid with the 
guide. A metallic monocoil tube 46 surrounding the 
cladding has tooth-like contour which facilitates 
flexibility. A pair of end pieces 50 fasten around the 

30 windows and secure the cladding and the monocoil tube. 
An outer sleeve 48 encloses the monocoil tube and 
provides outer mechanical protection. 
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Experiments have shown that a flexible liquid core 
light guide, made by Lumatec Gmbh, having an aqueous 
inorganic salt solution within the liquid core, perforins 
well in the spectral region from about 400 to 600 nm. 
More specifically, the light guide 14 (made by Lumatec) 
has been used with a laser which produces 2 J, 300 nsec, 
1 to 10 J/cm 2 pulses at a wavelength of 510 nm to 
effectively treat epidermal pigmented lesions. 

Although the. first liquid core light guide 14 has 
been shown to effectively deliver pulsed laser radiation 
in the spectral range from about 400 to 600 nm, it does 
not effectively transmit laser radiation of wavelengths 
between 600 and 1100 nm (red and near infrared 
wavelengths). The poor transmission capability of the 
liquid of the first guide in the red and near infrared 
spectral range is due to the presence of chemical bonds 
involving hydrogen in the molecular structure of the 
liquid in the core. Overtone and combination bands of 
fundamental frequencies associated with such bonds lead 
to absorption coefficients which are large enough to 
significantly attenuate the beam of pulsed laser 
radiation over distances required for convenient delivery 
(approximately 1.5 meters). Thus, to effectively 
transmit laser radiation from the second laser, the 
second liquid core light guide must employ a liquid 
having no chemical bonds involving hydrogen or any other 
bonds which lead to absorption in the range of 600 to 
1100 nm. Further, it has been determined that the liquid 
must satisfy other criteria relating to its physical 
properties including low volatility, low gain 
coefficients for stimulated scattering and acceptable 
index of refraction as explained below. 



WO 91/13652 



PCT/US91/01714 



-21- 



Two classes of chemical compounds having no chemical 
bonds that lead to the aforementioned absorption are 
completely deuterated compounds and halogenated 
compounds, specifically halocarbons. Within these two 
5 classes, the selected compound must be a liquid so that 
the guide remains flexible. Additionally, the compound 
must have low gain coefficients which provide an 
indication of the likelihood of stimulated scattering 
processes (Brillouin and Raman scattering) for a given 
10 laser peak power density. The gain coefficients must be 
sufficiently low such that the peak power density to be 
transmitted is below the critical intensity for the 
threshold of these non-linear scattering effects. 
Furthermore, the refractive index of the liquid must be 
15 greater than the refractive index of the cladding for the 
guide to transmit radiation with minimal losses.. If an 
otherwise suitable liquid comprising a deuterated 
compound such as deuterium oxide has an unacceptably low 
index of refraction, a solute such as an inorganic salt 
20 may be added to increase its index to an acceptable 
value . 

A light guide comprising the halocarbon carbon 
tetrachloride has been tested as the core liquid. In 
accordance with the above - described parameters, the light 

25 guide cladding material had an index of refraction of 

about 1.4 and the core liquid had an index of refraction 
of about 1.5. Alexandrite laser pulses at a wavelength 
of 760 nm, energy of 1 J and 55 ns pulse duration were 
successfully transmitted at 80% over 1.5 meters in guide 

30 having a 5 mm diameter core. The output spectrum from 
the guide was observed and showed no evidence of 
wavelength shifts produced by stimulated scattering. 
Additionally, the halocarbon tetrachloroethylene has been 
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tested with alexandrite laser pulses up to 600 mJ and 
demonstrates the same percentage transmission. 

In another preferred embodiment, shown in Fig. 5, 
the delivery system 13 comprises a single liquid core 
5 light guide 15 for efficiently transmitting high peak 
power intensity pulses of wavelengths between 345 and 
1100 nm from the dual laser system. The light guide 15 
comprises a liquid 43 capable of transmitting laser 
radiation in the wavelength range of the first laser as 
10 well as the second laser. As such, the light guide 15 is 
coupled to both lasers via an optical coupler 38 and 
delivers radiation provided by the first laser for 
treatment of epidermal pigmentation abnormalities and 
radiation provided by the second laser for treatment of 
15 dermal pigmentation abnormalities. 

While this invention has been particularly shown and 
described with references to preferred embodiments 
thereof, it will be understood by those skilled in the 
art that various changes in form and details may be made 
20 therein without departing from the spirit and scope of 
the invention as defined by the appended claims. For 
example, other classes of chemical compounds having no 
chemical bonds which lead to absorption within the 600 to 
1100 nm range may be used. Thus, the liquid within the 
25 second light guide may comprise silicate compounds or 
nitrile compounds. 
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CLAIMS 

1. An apparatus for treating epidermal and dermal 
pigmentation abnormalities of the skin comprising: 

a first pulsed laser for treating epidermal 

5 pigmentation abnormalities by providing a first beam 

of wavelength between 345 and 600 nm, fluence of 1 
2 

to 10 J/cm at the skin and pulse duration of less 

than 1 psec; 

a second pulsed laser for treating dermal 

10 pigmentation abnormalities by providing a second 

beam of wavelength between 600 and 1100 nm, fluence 
2 

of 1 to 10 J/cm at the skin and pulse duration of 
less than 0.5 nsec; and 

a delivery system coupled to the first and 
15 second lasers for delivery of the first and second 

laser beams to illuminate the epidermal and dermal 
pigmented lesions respectively. 

2. An apparatus as claimed in Claim 1 wherein the first 
20 laser is a dye laser and the second laser is an 

alexandrite laser . 

3. An apparatus as claimed in Claims 1 wherein the 
first and second lasers are dye lasers. 

A. An apparatus as claimed in Claim 1, 2 or 3 wherein 

25 the first laser produces a beam of about 500 nm 

2 

wavelength, 3 J/cm fluence at the skin, and 500 
nsec or less pulse duration. 
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5. An apparatus as claimed in Claim 1, 2, 3 or 4 
wherein the delivery system illuminates a region of 
about 2 to 5 mm diameter. 

6. An apparatus as claimed in Claim 1, 2, 3, or 4 

5 wherein delivery system illuminates a region of 

about 3 mm diameter. 

7. An apparatus as claimed in Claim 1, 2, 3, 4, 5, 6 or 
7 wherein the delivery system comprises a flexible 
liquid core light guide for delivery of the first 

10 and second laser beams. 

8. An apparatus as claimed in Claim 1, 2, 3,4, 5, or 6 
wherein the delivery system comprises a flexible 
liquid core light guide for delivery of the second 
laser beam. 

15 9. An apparatus as claimed in Claim 7 or 8 wherein the 
liquid core light guide comprises a liquid having a 
molecular structure characterized by the absence of 
chemical bonds that cause the absorption of light 
having wavelengths between 600 and 1100 nm. 

20 10. An apparatus as claimed in Claim 7 or 8 wherein the 
liquid core light comprises a non-hydrogenous 
liquid. 

11. An apparatus as claimed in Claim 9 or 10 wherein the 
liquid comprises halogenated compounds. 



25 



12. 



An apparatus as claimed in Claim 9 or 10 wherein the 
liquid has a molecular structure which comprises 
halocarbons . 
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13. An apparatus as claimed in Claim 9 or 10 wherein the 
liquid comprises tetrachloroethylene . 

14. An apparatus as claimed in Claim 9 or wherein the 
liquid comprises deuterium oxide and inorganic 

5 salts. 

15. An apparatus as claimed in Claim 9 or 10 wherein the 
liquid comprises carbon tetrachloride. 

16. An apparatus as claimed in Claim 9 or 10 wherein the 
guide has a core diameter of about 5 mm. 

10 17. An apparatus as claimed in Claim 9, 10, 11, 12, 13, 
14, 15 or 16 wherein the liquid core light guide 
further comprises a flexible, thermostable cladding 
in which the liquid is located, wherein the liquid 
has a refractive index which is greater than the 

15 cladding refractive index. 

18. An apparatus as claimed in Claim 1, 2, 3, 4, 5, 6 or 
7 wherein the delivery system comprises a liquid 
core light for delivery of the first laser beam and 
an articulated arm for delivery of the second laser 

20 beam. 

19. An apparatus as claimed in Claim 8 wherein the 
delivery system comprises a second flexible liquid 
core light for delivery of the first laser beam. 
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20. A dermatology laser apparatus comprising: 

a pulsed laser for dermatology procedures on a 
subject's skin by providing a beam of wavelength 
between 345 and 1100 nm, fluence of 1 to 10 J/cm at 
5 the skin and pulse duration of less than 1 ysec; and 

a flexible liquid core light guide for delivery 
of the beam to illuminate an area on the subject's 
skin . 

21. An apparatus as claimed in Claim 20 wherein the 

IQ light guide has a core diameter between 3 and 10 mm. 

22. An apparatus as claimed in Claim 20 or 21 wherein 
the light guide has a core diameter of about 5 mm. 

23. An apparatus as claimed in Claim 19, 20, 21 or 22 
wherein the light guide further comprises a * 

15 flexible, thermostable cladding in which a liquid is 

located, the liquid having a greater refractive 
index than the cladding. 

24. An apparatus as claimed in Claim 23 wherein the 
light guide further comprises a pair of windows 

20 located at each end of the guide and which seal a 

liquid within the cladding and a flexible metallic 
monocoil tube enclosing the cladding. 



25 



25. 



An apparatus as claimed in Claim 19, 20, 21, 22, 23 
or 24 wherein the liquid core light guide comprises 
a non-hydrogenous liquid. 
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26. An apparatus as claimed In Claim 19, 20, 21, 22, 23 
or 24 wherein the liquid core light guide comprises 
a liquid having a molecular structure characterized 
by the absence of chemical bonds that cause the 

5 absorption of light having wavelengths between 600 

and 1100 nm. 

27. An apparatus as claimed in Claim 19, 20, 21, 22, 23, 
24, 25 or 26 wherein the liquid has a molecular 
structure which comprises halocarbons. 

10 28. An apparatus as claimed in Claim 19, 20, 21, 22, 23, 
24, 25, 26 or 27 wherein the liquid comprises 
tetrachloroethylene . 

29. An apparatus as claimed in Claim 19, 20, 21, 22, 23, 
24, 25, 26 or 27 wherein the liquid comprises carbon 

15 tetrachloride. 

30. An apparatus as claimed in Claim 19, 20, 21, 22, 23, 
24, 25 or 26 wherein the liquid comprises deuterated 
compounds and inorganic salts. 

31. A liquid core light guide having a core diameter of 

20 about 5 mm and capable of transmitting a beam of 

laser radiation of a wavelength between 600 and 1100 

2 

nm and a fluence of at least 1 J/cm , said light 
guide comprising a liquid having a molecular 
structure characterized by the absence of chemical 
25 bonds that cause the absorption of light having 

wavelengths between 600 and 1100 nm. 
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32. An apparatus as claimed in Claim 31 wherein the coxe 
diameter is between 3 and 10 mm. 

33. An apparatus as claimed in Claim 30, 31 or 32 
wherein the light guide further comprises a 

5 flexible, thermostable cladding in which the liquid 

is located, the cladding having a refractive index 
which is less than the refractive index of the 
liquid. 

34. An apparatus as claimed in Claim 30, 31, 32 or 33 
10 wherein the light guide further comprises a pair of 

windows located at each end of the guide and which 
seal the liquid within the cladding and a flexible 
metallic monocoil tube enclosing the cladding. 

35. An apparatus as claimed in Claim 30, 31, 32, 33 or 
15 34 wherein the liquid comprises halogenated 

compounds . 

36. An apparatus as claimed in Claim 30, 31, 32, 33, 34 
or 35 wherein the liquid has a molecular structure 
which comprises halocarbons. 

20 37. An apparatus as claimed in Claim 30, 31, 32. 33, 34. 
35 or 36 wherein the liquid comprises 
tetrachloroethylene . 

38. An apparatus as claimed in Claim 30, 31, 32, 33, 34. 
3# or 3*6 wherein the liquid comprises carbon 
25 tetrachloride. 
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39. An apparatus as claimed in Claim 30, 31, 32, 33 or 

34 wherein the liquid comprises deuterated compounds 
and inorganic salts. 
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